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PREFACE 
Th i s docume nt is the fi na 1 report coveri ng the Engi neeri ng development and 
demonstration of the feasibility of the use of SPF/DB titanium for laminar flow 
control system concepts. This effort is titled "LAMINAR FLOW CONTROL SPF/DB 
FEASIBILITY DEMONSTRATION". 
,- Work \'/as conducted in two major tasks: 
(1) Control of surface condition to achieve required smoothness and (2) fabrication 
of two demonstration panels, one smooth and one LFC treated. The report covers the 
work conducted from September 26, 1980 to October 1981. The NASA techni cal moni tors 
\.,.ere r~r. Daniel B. Snow of the Aeronautical Systems Division, and Mr. J. W. Cheely of 
the Laminar Flow Control Project Office, both at Langley Research Center. 
The studies and demonstration panels were accomplished within the Design Engineering 
Department of Dougl as Aircraft Company. Engi neering team members assi gned to thi s 
contract are listed below, along with primary areas of contribution: 
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W. E. Pearce 
N. R. Wi 11 i ams 
R. C. Ecklund 
E. B. Her1ey 
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1.0 SUMMARY 
This report descrlbes development of procedures for the fabrication of two su-
perplastlc formed, diffusion bonded (SPF/DB) titanium panels for demonstration 
of a laminar flow control (LFC) porous panel concept. 
Procedures were developed to produce panels, using thin (0.016 inch) core and 
face sheets, havl ng smooth, defect free surfaces suitable for LFC 
applications. 
The first panel was flat on both sides to demonstrate the capabillty of pro-
ducing smooth, defect free panel surfaces. The second panel was flat on the 
bottom slde and formed on the top side for LFC treatment. Holes were machined 
lnto the top side, and a perforated titanium sheet was adhesively bonded to 
land areas formed adjacent to the holes. Tnis panel demonstrated that SPF/DB 
titanlum is a process adaptable to LFC applications. 
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2.0 
INTRODUCTION 
A process has been developed at the Douglas Aircraft Company comb1ning welding and superp1 astic formi ng d1 ffus ion bonding (SPF lOB) of titanium to fabn cate expanded core sandwich panels. The process is illustrated in Figure 2.1. The top illustration shows the core envelope, which 1S comprised of two sheets, resistance roll spot welded 1n a rectangular pattern and seam welded around the edge for sea11ng. The second illustration shows the core envelope in the process of forming. The forming is accomplished by argon gas pressure during the period of temperature rise from 1500°F to 1700°F. For c1ar1ty, the face sheets are not shown in these 111ustrations. The bottom illustration shows the core envelope formed against the face sheets. Two gas ports are required; one to form the face sheet envelope and one to form the core envelope. Face sheet pressure forms the face sheets against the 1 im1ting f1xtures. Th1S pressure is maintained throughout the core form1ng cycle to hold the face sheets in place and restrain mater1al gathering (eyebrowing) as the core cells form aga1nst the face sheets. Since the process involves forming of the core envelope within the face sheet envelope, face sheet gas must be vented through the gas supply tube during core form1ng. After core forming, the face sheet pressure is reduced and the core envelope is held under pressure at 1700°F for d1ffusion bond1ng of the cell walls to their neighbors and to the face sheets. 
Using the process, panels with a variety of core configurations have been fabn cated. 
The purpose of this program was to demonstrate the feaslb111ty of util1zlng the SPF/DB process to fabricate lightweight titanium substructure for LFC appl icati ons. Advantages inherent in SPF lOB substructure over nonmeta 111 cs are cost savings, potential weight savings due to lncreased strength, improved endurance under extreme environmental conditions and improved maintainab111ty. 
Use of commercial products or names of manufacturers 1n this report does not const1tute official endorsement of such products or manufacturers, either expressed or implied, by the Natlonal Aeronautics and Space Adminlstrat1on. 
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3.0 PROCESS DEVELOPMENT 
3.1 SURFACE CONDITION 
A problem which occurs in varying degrees in superp1astic form1ng/d1ffus1on 
bonding of t1tanium is reaction of the titanium with the tooling mater1a1. 
F1gure 3.1-1 shows a sample of surface reaction, commonly called too11ng 
pick-up, as it appears on the surface of a formed panel face sheet. F1gure 
3.1-2 shows a sect10n through an area of reactlOn photographed at low mag-
n1 fi cation to 111 ustrate the characteristi cs of the surface embritt led layer 
(white layer) as it is influenced by tooling pick-up. It can be seen that the 
wh 1 te 1 ayer 1 san orma 1 depth of approx ima te 1 y 0.003 inch in the area of no 
tool1ng pick-up. The wh1te layer beneath the tool1ng pick-up, however, has a 
depth of approximately 0.009 1nch. Figure 3.1-3 shows the m1crostructure of 
the surface react10n and the surrounding affected material. The constituents 
of the surface react i on 1 ayer have been ana lysed by X-ray Energy Spectrometry 
(XEM). Figure 3.1-4 shows a scan taken from a titanium surface conta1ning no 
too11ng p1ck-up. Figure 3.1-5 shows a scan taken from an area of too11ng 
p1ckup. This scan reveals an intermetallic layer of titan1um, iron, chrom1um, 
and nlckel. The intermetall1c 1S not removable by chemical m1111ng Wh1Ch 
necessitates removal by power sand1ng. Complete removal of the white layer 
requ1res chemical milling after sanding to the depth of the layer 1n the area 
of tool1ng p1ck-up. Surface removal to this depth is acceptable, provided the 
f1nal th1ckness after chemical milling meets the design requ1rements. In th1S 
program, form1ng of the face sheets and core 1nto 0.240 1nch diameter holes 
was requ1red for the final LFC demonstration panel. It was determ1ned by ca1-
cu1at1on that a face sheet thickness no greater than 0.016 1nch was required 
to prov1de tight forming into the tooling holes. Too11ng p1ck-up, as des-
cn bed, wou 1 d be unacceptab 1 e 1 n th 1 s des 1 gn since the depth of the affected 
material 1S approximately one-half of the start1ng face sheet thickness. 
In1t1al work in this program was directed towards development of procedures to 
produce smooth, defect free face sheet surfaces. 
Standard practi ce pr10r to th1 s program has been to form the face sheets 
against type 321 CRES slip sheets. Both the slip sheets and the panel face 
sheets are sprayed with a 1 to 1 mixture of boron nitnde powder and binder 
(Wall Co1monoy Nicro braze cement, ViSCOS1ty 600). 
The face sheet forming pressure commonly is held at 10 PS1 until the part tem-
perature ind1cates 1300°F, at which time the face sheet pressure 1S 1ncreased 
to 50 psi. Subsequent to th1S change in face sheet pressure, at an ind1cated 
panel temperature of 1550°F, the core form1ng cycle 1S in1tiated. 
Figure 3.1-6 shows the bottom slde of Panel No.1 formed uS1ng the pract1ces 
described. Tooling p1ck-up on th1S panel is per1phera1 and random. Figure 
3.1-7 shows the top face sheet of this panel where forming is less severe than 
bottom sheet fonning. This side shows per1phera1 1rregu1arities of less 
severity than those on the bottom side. The core did not fully form in this 
panel due to blockage of the core gas tube during the run. F1gures 3.1-8 and 
3.1-9 show the bottom and top face sheets, respectively, of Panel No.2 which 
was formed uS1ng the same pract1ces as described, except that the binder 1n 
th is case was th inned with acetone 1 n a 1 bi nder, 3 acetone mi xture. Th is 
panel core was fully formed. The bottom face sheet has severe per1pheral tool 
pick-up. The top face sheet has surface irregularities in a pher1phera1 and 
random pattern. Tool pick-up is not always obvious by appearance alone. 
Figure 3.1-10 shows the bottom surface of this panel after power sanding of 
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Neg. LV-1058 
NE~g. LV-1059 
FIGURE 3.1-1 TOOLING PICK-UP ON TITANIUM 
SURFACE 
FIGURE 3.1-2 CROSS SECTION THROUGH TOOLING 
PICK-UP AND ADJACENT AREA 
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MAG. 4X 
~1AG 30X 
Neg. LV-1060 MAG 300X 
FIGURE 3.1-3 MICROSTRUCTURE AT TOOLING PICK-UP SHOWING INTERMETALLIC 
LAYER 
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SV-1632 BASE MATERIAL MAG. 20X SV-1633 XEt1 SCAN MAG. 20X 
FIGURE 3.1-4 XEtl SCAN OF Ti -6A 1-4V BASE MATERIAL 
SV-1630 TOOLING PICK-UP MAG. 20X SV-1631 XEtl SCAN MAG. 20X 
FIGURE 3.1-5 XEM SCAN OF TOOLING PICK-UP 
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FIGURE 3,1-6 PANEL NO, 1 BOTTm·1 FACE SHEET 
FIGURE 3.1-7 PANEL NO.1 TOP FACE SHEET 
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FIGURE 3.1-8 PANEL NO. 2 BOTTm~ FACE SHEET 
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FIGURE 3.1-9 PANEL NO.2 TOP FACE SHEET 
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FIGURE 3.1-10 PANEL NO.2 BOTTOM FACE SHEET AFTER CHEMICAL MILLING 
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the 1rregularities and chemical m111ing to remove approximately .0035 inch of 
the face sheet thickness. The effects of tool pick-up can be seen after re-
moval of the surface material. It was found that removal of .010 1nch of this 
face sheet thickness was required to eliminate the effects of this severe tool 
p1ck-up. The top face sheet was slmilar1y power sanded to remove the 1r-
regularities. The effects of these irregularit1es were removed 1n the first 
chemical m1lling, indicating that little or no tool pick-up was present. 
Figures 3.1-11 and 3.1-12 show the bottom and top face sheets, respectlVely, 
of Panel No.3. This panel was formed using the same practices as descnbed, 
except that the face sheet forming pressure was increased to 100 PS1 and was 
app11ed when the panel temperature 1ndicated 900°F. This change was made to 
determine the effect on tool p1ck-up introduced by a change in the progress10n 
of face sheet forming. As can be seen, tool pick-up on the bottom face sheet 
was in a random pattern. No peripheral pick-up occurred. The top face sheet, 
F1gure 3.1-12, was free of surface irregularit1es. F1gure 3.1-13 shows the 
bottom face sheet after a short immersion in the chemical milling solution. 
The areas of tool p1ck-up are heavily smutted, ind1cat1ng tool mater1al 
contamination of the t1tanium. 
In fabricat1ng Panel No.4, the slip sheet mater1al was changed to type 430 
sta1nless steel. This mater1al has a coeff1cient of expans10n more similar to 
that of t1tanium than type 321 CRES. This material also has a smoother 
surface finish than the 2D mill f1nish of the 321 CRES. F1gures 3.1-14 and 
3.1-15 show the bottom and top face sheets, respectively, of Panel No.4. All 
tool pick-up and surface irregularities have been el1m1nated. 
Panel No. 5 was fabncated using practices identical to those used for Panel 
No.4, except that one-half of the bottom type 430 stainless steel slip sheet 
was power sanded. This was done to determine whether surface smoothness or 
the coeff1cient of expansion relationship with t1tanium had the most to do 
w1th result1ng panel face sheet smoothness. F1gure 3.1-16 shows the bottom 
face sheet of Panel No.5. The area showing severe penphera1 and random 
pick-up was formed against the sanded half of the slip sheet; the area formed 
against the unsanded half of the slip sheet was free of defects. 
The next panel of sign1ficance was No. 8 which was formed uS1ng the same 
procedures as Panel No.4, except that the face sheet pressure was increased 
from 10 psi to 50 PS1 at l300°F (same as Panel No.2). F1gure 3.1-17 shows 
the bottom face sheet of th1S panel containing severe peripheral and random 
lrregu1arities. 
Panel No. g was formed uS1ng identical procedures as were used in forming 
Panel No.4. Figure 3.1-18 shows the bottom face sheet of the panel 
contai n1 ng minor irregul arities at the extreme edges. These irregu1 arit1es 
were removed by power sand i ng, and the pane 1 was chemi cally mi 11 ed to remove 
.003 inch from each surface. The sanded irregularities did not smut during 
chem1cal m111ing, ind1cating that no too11ng material pick-up was present. 
3.2 ESTABLISHMENT OF FORMING AND BONDING PARAMETERS 
A panel was formed to establish form1ng and bond1ng parameters for fabrication 
of the large demonstration panels. This panel duplicated the geometry of the 
large panels in height, web spacing, and matenal thickness. This panel was 
formed aga1nst type 321 sta1n1ess steel slip sheets due to temporary 
unvai1ability of the 430 stainless steel. A small amount of graph1te (5% by 
volume) was added to the boron nitride-binder-acetone solution. The Solut1on 
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FIGURE 3,·'-11 PANEL NO.3 BOTTOM FACE SHEET 
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FIGURE 3.1-12 PANEL NO.3 TOP FACE SHEET 
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FIGURE 3.1-13 PANEL NO.3 TOP FACE SHEET AFTER CHEMICAL MILLING 
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FIGURE 3.1-14 PANEL NO.4 BOTTOM FACE SHEET 
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FIGURE 3.1-15 PANEL NO.4 TOP FACE SHEET 
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FIGURE 3.1-16 PANEL NO.5 BOTTOM FACE SHEET 
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FIGURE 3.1-17 PANEL NO.8 BOTTOM FACE SHEET 
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FIGURE 3.1-18 PANEL NO.9 BOTTOM FACE SHEET 
-21-
was applied to the external face sheet surfaces and to the slip sheets. This panel, shown in F1gure 3.2.1, was free from tooling mterial p1ck-up or irregulanties which were typical of previous panels formed aga1nst type 321 stainless steel. 
Th1S panel was conditioned in preparation for chemical mill1ng by immersion in a hot Kolene salt bath per DPS 9.29. Prior practice has been to abrasively blast the exterior surfaces. After the Kolene treatment, the panel was chemically milled to remove approximately 0.003 inch mater1al from each surface. Complete removal of the white layer was confirmed by metallurgical examination. 
Bend tests of the surface material were conducted to determine ductility. Figure 3.2-2 shows these bend tests. The specimens on the left show the rad1 us at fail ure of the top face sheet. Those speclmens adj acent are also from the top face sheet but were bent wi th the s 1 de exposed to argon on ly (inside of panel) on the outside of the bend. The speC1mens to the r1ght are from the bottom face sheet. It can be seen that removal of material by chemical milling restored the duct1lity of the face sheets. 
Surface roughness measurements were taken on the panel after chemical milling. The surfaces measured 45 to 72 micro1nches. The higher readings occurred as the sens1ng unit crossed- the face sheets at the internal web-face sheet joints, 1ndicat1ng a slight depress10n in these areas. Th1S cond1tlOn has been observed in prior panel fabrication where thin face sheets have been used. 
Specimens were excised from th1S panel for metallurgical examinat1on. Th1S analysis revealed poor diffusion bonding between the core and the face sheets, part1cularly on the bottom side. 
An addit10nal panel was run using a rev1sed pressure cycle designed to improve the quality of the diffusion bond1ng. This panel was formed against type 321 stainless steel SllP sheets with the addition of graphite in the boron n1tride solution, duplicating the conditions present 1n form1ng the previous panel. The panel surfaces were characterlzed by severe tooling pick-up, contrary to the results obtained on the preV10US panel. The reason for th1S anomoly is unknown. Metallurgical examination of specimens excised from this panel revealed no 1mprovement 1n the diffusion bond quality. 
It was concluded that the m1ll heat of material being used was difficult to di ffus ion bond under normal parameters of time, temperature, and pressure. From prior experience with a similar diffusion bond1ng problem, it was decided to run the next panel at a higher temperature during the d1ffusion bonding port1on of the fabr1cation cycle. 
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FIGURE 3.2-1 Sr1ALL PAR/\t1ETERS PANELS 
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FIGURE 3.2-2 BEND TESTS FRatl SrlALL PI\NEL 
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4.0 LARGE PANEL FABRICATION 
4.1 SMOOTH PANEL 
The first large panel was formed against type 430 stainless steel using the 
established pressure cycle. The temperature was 1ncreased to l720°F dUrlng 
the d1ffuS1on bonding portion of the cycle. Metallurgical exam1nation of this 
panel revealed excellent d1ffusion bonding. Th1S panel was unacceptable, 
however, due to an equ1pment malfunction which caused a momentary reduct10n in 
press pressure during a perlod of h1gh forming pressure. This resulted in a 
S11ght increase in the panel he1ght during thlS period. When the full press 
pressure was restored, core crush1ng occurred 1n approximately one-half of the 
pane 1. A second panel was prepared and formed us 1 ng the same parameters as 
described. A leak developed dur1ng th1S run in the bladder which provides 
press pressure. This resulted 1n a slight expanslon in the he1ght of the 
panel. The expansion was not of sufficient durat10n to cause core crushing 
when the press pressure was restored. Depressions were created at each web 
location, however, Wh1Ch ranged foom 0.002 to 0.006 1nch in depth. A section 
of this panel was metallurg1cally examined and revealed excellent d1ffusion 
bond qua11ty. 
Form1ng of the third large panel was unsuccessful due to an equ1pment 
failure. Th1S panel suffered core rupture early 1n the forming cycle. 
Subsequent invest1gat1on revealed that the panel was overheated at one edge, 
causing part1a1 transformat1on of the titanium material to the beta phase. 
Several ruptures were d1scovered in this area adjacent to spot welds. It is 
believed that the partial transformation of the materlal reduced 1tS 
superplast1c1ty, and overload failure occured in the areas of maX1mum strain. 
The pl aten heaters were examined, and it was found that a heater fa1lure had 
occurred. The platen heaters are in a series-parallel c1rcu1t, and one heater 
strip had separated 1n the leg under the platen edge. Ironically, th1S failed 
str1p had contacted and fused to a strip in the adJacent heater leg, 
compounding the heater imbalance. The net result was nonun1form current 
dens1ty in the heater, result1ng in over temperature along the edge contalning 
fewer strips, which was not reflected 1n the control thermocouple located in 
he center of the platen, an area of lower current density. 
The platen heaters were replaced, and a fourth panel was formed. F1gure 4.1-1 
shows the panel as it was removed from the retort. The pane 1 surfaces were 
smooth with no too11ng pick-up. Th1S panel was chemically milled and cut to 
Slze. Spec1mens were excised from the edges of the panel and metallurgically 
exam1ned. The diffusion bond quality was found to be excellent and 1S shown 
in F1gures 4.1-2 through 4.1-5. Form1ng of the core-to-face sheet 
intersectlOns and around the spot welds on the bottom slde of the panel was 
found to be extremely tight. This forming was not as tight on the top slde, 
indicating that gas entrapment occurred in the face sheet cav1ty during the 
d1ffus1on bonding cycle. F1gure 4.1-6 is a cross section showing the internal 
core configuration. F1gure 4.1-7 shows a positive of an x-ray exposure 
showing the 1nternal structure of the panel. F1gures 4.1-8 and 4.1-9 show the 
top and bottom surfaces respectively of this panel after chemical m1lling and 
trlmffilng to size. Slight face sheet grooves occurred at each core-to-face 
sheet 1ntersect10n. The maximum depth of these grooves was measured to be 
0.0015 1nch on the top slde and 0.0025 inch on the bottom slde of the panel. 
Face sheet grooves such as these are not inherent in the process, but are apt 
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FIGURE 4.1-1 PANEL AFTER REMOVAL FROM RETORT 
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NEG. LW-525 MAG.300X 
FIGURE 4.1-2 MICROSTRUCTURE AT TOP CORE-TO-FACE SHEET INTERFACE 
NEG. LW-524 MAG. 300X 
FIGURE 4.1-3 MICROSTRUCTURE AT TOP CORE INTERFACE 
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NEG. LW-527 MAG. 300X 
FIGURE 4.1-4 MICROSTRUCTURE AT BOTTOM CORE-TO-FACE SHEET INTERFACE 
NEG. LW-526 MAG. 300X 
FIGURE 4.1-5 MICROSTRUCTURE AT BOTTOM CORE INTERFACE 
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NEG. LW-519 
FIGURE 4.1-6 CROSS SECTION FROM FLAT PANEL 
(Note: Face sheets were deformed during mounting.) 
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MAG. 7X 
FIGURE 4.1-7 X-RAY EXPOSURE OF PANEL SHOWING WEBS 
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FIGURE 4.1-8 TOP SIDE OF PANEL NO.4 
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FIGURE 4.1-9 BOrTOM SIDE OF PANEL NO.4 
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to result on panels with thin face sheets, i.e., less than 0.025 1nch. The 
problem relates to the balance between the core forming pressure and the face 
sheet pressure during the final stages of core forming. 
Normal practice has been to reduce the face sheet pressure to 10 PS1 at the 
beg1nn1ng of the diffusion bonding cycle. When core forming is not virtually 
complete at this p01nt and the face sheets are th1n, the expand1ng core 
gathers the face sheet, resulting in face sheet grooving. The solut1on is to 
ma1ntain a higher face sheet pressure to restrain gathering unt1l core formlng 
is complete. 
The panel height was measured after trimming. These measurements showed that 
the panel height was greater in the center of the panel as shown 1n 
Figure 4.1-10. It is believed that these measurements reflect structural 
deflection in the restraining fixture which occurs under forming and diffusion 
bond1ng pressure loads. 
4.2 LFC CONFIGURATED PANEL 
4.2.1 PANEL FABRICATION 
Figure 4.2-1 shows a cross section of the des1gn for the LFC configurated 
panel. Special tooling required to fabricate this panel consisted of metal 
strips, 0.100 1nch thick by 0.56 1nch wide, sufficiently long to extend the 
entire length of the panel. Holes, 0.240 inch in d1ameter, were drilled on 
one-half inch centers in these strips. 
The tool1ng strips were attached to the panel prior to form1ng so that the 
panel surfaces would form over the strips, into the holes, and out to the 
restraint tooling between the strips. The welded core envelope was posit1oned 
so that the expanded cell walls would be located in the full panel he1ght land 
areas between the tooling strips. 
Figure 4.2-2 shows the lay-up of the first LFC configurated panel 1n the form-
ing retort. During forming of this panel, a higher face sheet pressure was 
maintained during the diffusion bond1ng portion of the fabr1cation cycle to 
eliminate face sheet grooving. The panel surfaces were smooth with no tooling 
pick-up. Figures 4.2-3 and 4.2-4 show the top and bottom surfaces, res-
pectively, of this panel after Kolene treatment and chemical m1lling. A cut 
was made in th is panel transverse to the webs to exam; ne the core con-
figuration. It was revealed that face sheet gas entrapment had occurred on 
the bottom slde as shown in the cross sectional view presented in Figure 
4.2-5. The top slde was fully formed. The amount of separation of the bottom 
webs indicated that gas entrapment had occurred early in the forming cycle. 
A second panel was prepared and formed using a revised method for exhausting 
the face sheet forming gas. This panel was radiographically inspected for 
determination of core forming prior to chem1cal milling. Figure 4.2-6 shows a 
positive of an X-ray exposure taken from a typical area of the panel. The 
webs appear to be fairly well or1ented relatlVe to the perforated strips 1n 
most areas of the panel. This panel was Kolene treated and chem1cally 
milled. The surfaces were smooth w1th no tooling pick-up. A cut was made in 
th i s panel transverse to the webs to exami ne the core conf1 gurat 1 on. Fi gure 
4.2-7 shows a cross sect10n of this panel. Face sheet forming gas entrapment 
occurred on both the top and bottom sldes of this panel late in the forming 
cycle as reflected in the wide cleavage at the core-to-face sheet interfaces 
and at the spot welds. 
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FIGURE 4.1-10 PANEL HEIGHT MEASUREMENTS 
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FIGURE 4.2-1 LFC PANEL DESIGN 
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FULLY CLOSED SEM1 
(NO LEAKAGE) 
FIGURE 4.2-2 PANEL LAY-UP SHOWING PERFORATED STRIPS 
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FIGURE 4.2-4 BOTTOM SIDE OF LFC DEMONSTRATION PANEL 
NEG. LW-628 MAG. 1. 7X 
FIGURE 4.2-5 CORE CONFIGURATION, FIRST LFC PANEL 
(Note: Bottom face sheet is obscured due to light background) 
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FIGURE 4.2-6 X-RAY EXPOSURE OF CORE CONFIGURATION 
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NEG. LW-629 MAG. 1.7X 
FIGURE 4.2-7 CORE CONFIGURATION - SECOND LFC PANEL 
-41-
A th1rd panel was prepared and formed. In this panel, a face sheet exhaust channel was provided by incorporation of a transverse web connecting the 10ngitud1nal webs in an area of full height forming. In pnor panels, the transverse web for exhausting face sheet gas was located at the edge of the panels where core forming height was limited by the edge tooling. The panel surfaces were smooth w1th no tool1ng pick-up. The panel was Kolene treated and chemically milled, and cut to Slze. Examination of the formed core configurat10n revealed evidence of face sheet gas entrapment. Core form1ng was similar to that achieved 1n the second panel. The cleavage at the core-to-face sheet 1 ntersect ions was generally uniform, except In those webs which were tilted due to misalignment with the land areas on the top slde of the panel. Desplte the lack of full core forming, the panel was consldered adequate for LFC demonstration purposes. 
The proJections into the holes ln the tooling strlps were fully formed. Tnese proJections were removed by machining. The resulting dlameter of the holes was approximately 0.200 lnch l.e., the outside dlameter of the tooling hole 0.240 inch mlnus 2 times the wall thickness of the formed projectlOn 0.040 lnch. 
4.2.2 PREPARATION OF PERFORATED TITANIUM SHEET 
Two sections of perforated sheet were sheared, deburred, and steam cleaned ln preparatlon for fuslon welding. The perforated sheet lS available ln 15-lnch widths, necessitating weldlng of segments to provlde a sheet of sufflcient wldth to bond to the 28 x 28 inch demonstratlOn panel. The segments were fusion welded together uSlng the gas-tungsten arc (GTA) process on a longitudlnal weld posltioner. The weld was roll planished to reduce dlstortion, then ground and polished flush with the adjacent sheet surfaces. 
The welded perforated sheet was then sealed in a stalnless steel envelope which was evacuated to a pressure of 2.2 x 10-5 Torr. The envelope containlng the titanlum sheet was placed in a press, and the sheet was hot straightened at 1200°F for one hour wlth approxlmately 15 psi press pressure. 
4.2.3 PREPARATION FOR BONDING 
Tne faYlng surfaces of the perforated titanium sheet and the panel were abraslVe blasted at 20 PSl using new clean glass grit. The faying surface of the sheet was then pnmed with EC2174 primer, room temperature dried for 1/2 hour, then oven baked at 250°F for 1/2 hour. The panel surface was cleaned uSlng methyl ethyl ketone (MEK) prlor to adhesive bond1ng. 
4.2.4 ADHESIVE BONDING 
Strips of f11m adhes1ve, AF-3 (3M), 0.011 lnch thick, were cut and heat tacked to the 1 and areas of the pane 1. The perforated sheet was placed on the panel with the fus10n weld located on one of the land areas. The assembly was then bagged and sealed for the autoclave cure. The cure cycle was 250°F for 3 hours at 25 PSl pressure. After curing, the perforated titanium sheet surface was pol1shed and cleaned w1th MEK. Figure 4.2-8 shows the fin1shed panel. A close-up view of the skin and substructure 1S shown in Figure 4.2-9. 
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FIGURE 4.2-8 FINISHED LFC PANEL 
FIGURE 4.2-9 CLOSE-UP VIEW OF LFC PANEL 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
From the development work described in this report, the following conclusions 
and recommendations can be made: 
Spec1al procedures are required to produce smooth panels incorporating thin 
face sheets. Face sheet gas pressure holds the face sheets in restraint 
against the llmiting fixtures during forming of the core envelope. The 
relationship between face sheet gas pressure and final core forming is 
crit1cal to avoid face sheet material gathering resulting in slight grooving 
(eyebrow1ng) at the core-to-face sheet intersections. 
The type of tool1ng material 1n contact with the face sheets during forming is 
critical to aV01d tooling pick-up. Type 430 stainless steel coated w1th boron 
nitride with a b1nder - acetone carrier was the only system which consistently 
eliminated tool1ng pick-up. Further work 1S required in thlS area to isolate 
the mechan1sm of tooling pick-up and develop procedures for its elimination in 
appl1cations where type 430 stainless steel can not be used. 
Further work is requ1red to develop a design to assure venting of face sheet 
gas pressure to allow full forming of the core envelope. Face sheet gas 
pressure venting was a persistent problem 1n this program, largely 
attributable to the core des1gn. In core designs having transverse as well as 
long1tudinal webs, face sheet gas venting has not been a problem. The panels 
in this program, having only longitudinal webs, allowed only one transverse 
web at the edge of the panel for venting. 
This program demonstrated the capability to produce SPF/DB t1tan1um panels 
meeting the design requirements for LFC applications. It is recommended that 
further work be done to produce panels comprised of three sheets. In addition 
to the obvious we1ght savings ga1ned through el1mination of one face sheet, 
such a des1gn would facilitate more uniform core web alignment in the land 
areas of the panels. 
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